The effect of some acids, anions and auxiliary complexing agents on the extraction of Cadmium (II) from aqueous solutions buffered to pH 7.5 using a chloroform solution of the Schiff base ligand 4,4´-(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol) (H2BuEtP) alone and in the presence of 1-(3-hydroxy-5-methyl-2phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP) after an equilibration time of sixty minutes was investigated. Working concentration of Cd(II) was 50 mgL -1 , while a range from 0.001M-3.0M was used for acid and 0.001M-1.0M for anions and auxiliary complexing agents. Extraction raffinates were analysed for Cd(II) using Flame Atomic Absorption spectrophotometry and Distribution Ratios. Percentage Extractions (%E) were calculated by difference of Cd(II) concentrations before and after equilibration. The mixed ligands H 2 BuEtP/HBuP organic phase was a better extractant for Cadmium than H 2 BuEtP alone but the difference was not significant for all acids, Cl -, Oxalate and Tartrate. The results indicated that at lower concentrations of the acids, anions and auxiliary complexing agents, a releasing effect occurred with improved extraction of Cadmium > 90% in most cases and at high concentrations there was reduced percentage extraction due to masking of Cadmium from formation of stable salts of Cadmium. Comparing results with other those of other metals studied under same conditions showed that multi-metal extraction with the ligand (H 2 BuEtP) is possible. H 3 PO 4 , H 2 SO 4 , HCl, PO 4 3-, EDTA and Oxalate all showed theoretical potentials for separating Cadmium from other studied metals with Separation Factors β xy = D x /D y close to and above 10 4 .
INTRODUCTION
There are numerous literature and ongoing researches on removal of heavy metals from different environments due to reported deleterious health effects associated with these heavy metals [1] [2] [3] . One method that has given very encouraging results is solvent -solvent extraction using ligands in appropriate solvent as the organic phases [4] [5] [6] . The bases of these extractions is the formation of metal-ligand complexes which are hydrophobic and thus soluble in organic phases, resulting in the distribution of the metal ions from aqueous media to the organic phases 7, 8 . These extractions are pH and ligand concentrations dependent and are based on the Nernst distribution law 7 . Assessments in these studies are usually done from distribution ratios (D) and percentage extraction (%E) determinations. The distribution ratio, D, is constant at a particular temperature and is given mathematically as sum of all concentrations of metal ions in organic phase over the concentration of metal ions in aqueous phase. Other factors affecting the distribution of the metal ions between the aqueous and organic phases are: equilibration time, oxidation state of metal ions, presence of a second ligand that can acts as a synergist, presence of acids, anions and auxiliary complexing agents which can act as releasing agents or suppressing/masking agents 7, 8, 9 . The aim in any metal extraction study is to ascertain conditions in which 99.9% extraction of the studied metal ions can be attained and also note reagents and conditions that can result in suppression/masking of particular metal ions, and thus, can be utilized in the separation of these metal ions from those in which these reagents and conditions enhances extraction of their ions and vice-versa 9, 7, 10 .
Metal extraction studies with Schiff bases (ligands with N=C bonds) show that they have excellent extraction properties which has been attributed to the stability and high hydrophobicity of the metal complexes formed [11] [12] [13] . Since its synthesis by Uzoukwu et al., 1998 14 , the Schiff base 4,4´-(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1Hpyrazol-3-ol) (H 2 BuEtP) has been used for extraction studies for Lead 15 , Uranium 16 , Nickel 17 , Iron [18] [19] and Cadmium 20 . The effect of acids, anions and auxiliary complexing agents on the distribution of these metal ions between buffered aqueous phases and chloroform solutions of this ligand (H 2 BuEtP) alone and in the presence of 1-(3-hydroxy-5-methyl-2phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP) are well reported in these studies [15] [16] [17] [18] [19] . These studies showed that common acids (HNO 3 , CH 3 COO -, F -, Cl-, Brand I -) and auxiliary complexing agents (EDTA, Oxalate, Tartrate and SCN -) had varying effects as releasing or masking agents at different concentrations and the general trend in most cases was low percent extraction resulting from masking of the metals at higher concentrations of these acids, anions and complexing agents. pH range 4.75 -7.5 was reported to have > 90% extraction in the study of the distribution of Cd 2+ between buffered aqueous media and chloroform solutions of the ligand (H 2 BuEtP) alone and in the presence of 1-(3-hydroxy-5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP) 20 . Slope analysis was used to predict the probable extraction reactions and also the distributing cadmium complexes as Cd(HBuEtP)X (where X is an anion), and Cd(HBuEtP.BuP) respectively. HBuP slightly increased the pH 1/2 from 3.87 ± 0.18 to 4.88 ± 0.12 and partition coefficient (K D ) from 2.19 ± 0.35 to 3.15 ± 0.42. However, the extraction constant K ex2Cd (-10.09 ± 0.09) in the presence of HBuP was < K ex1Cd (-3.01 ± 0.9) for H 2 BuEtP alone 20 . However, to completely evaluate the potentials of the ligand 4,4´-(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-1ylidene)) bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol) (H 2 BuEtP) for the extraction of Cadmium from buffered aqueous solution, there is a need to determine the effects of common acids, anions and auxiliary complexing agents on the distribution between the two phases. The results from this study indicated that the acids, anions and auxiliary complexing agents used for this study did not significantly enhance the distribution of cadmium from the aqueous phases to the organic phase at pH 7.5. However, when compared with results from previous studies on the distribution of Fe 2+ , Ni 2+ , Pb 2+ and UO 2 2+ between buffered aqueous media and chloroform solutions of the ligand (H 2 BuEtP) alone and in the presence of 1-(3-hydroxy-5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP), the results indicated theoretical potentials for the utility of the ligand H 2 BuEtP in the multi-metal extraction of all studied metals and separation of cadmium from lead, iron, nickel and uranium from the varying effects of these acids, anions and auxiliary complexing agents.
MATERIALS AND METHODS
The ligand (H 2 BuEtP) was synthesized by methods outlined by Uzoukwu et al., 1998 The immiscible phases were shaken mechanically for sixty minutes at a temperature of 30 o C. A shaking time of sixty minutes was found suitable enough for equilibration. The two phases were allowed to settle and separated. 0.2 mL of aqueous raffinates were then taken and analysed by difference between the concentration of Cd (II) ions in aqueous phases before and after the extractions using Atomic Absorption Spectrophotometry (AAS) at wavelength of 218 nm. Distribution ratio D was calculated as the ratio of metal ion concentration in the organic phase (C o ) to that in the aqueous phase (C). Thus D = C o /C. The two organic phases, ligand H 2 BuEtP alone and mixed ligands H 2 BuEtP-HBuP extraction data were statistically analysed using the R software package 21 . The t test statistics 22 was used to test the hypothesis, if the two organic phases were significantly different in these extractions. The null hypothesis (H o ), that the two organic phases of interest are not significantly different is rejected if the value of the test statistics is greater than the critical value and the alternative hypothesis (H o ), the two groups of interest are significantly different is accepted. The p value was also used. If the p value is greater than the significant level, the null hypothesis is accepted and we conclude that there is no significant difference between the groups of interest. Table 1-17 show the values for the metal standards absorbance and raffinates absorbance from which the extraction parameters; Distribution Ratio D and Percentage Extraction %E were obtained. The plots in Fig. 1 showed that the lowest concentration 0.001M of all acids used in the study gave the best percent extraction (75% -98.5 %) of Cadmium and there was a decrease in almost all cases as the concentration of the acids were increased in both ligand H 2 BuEtP alone (97.4 -22.4%) and in the presence of HBuP organic phases (98.5 -50.2%). The binary ligands H 2 BuEtP/ HBuP organic phase gave slightly better extraction of cadmium with the acids at a concentration of 0.001M when compared with the ligand H 2 BuEtP alone organic. However, statistically both organic phases extractions in the presence of the acids were not significantly different as p values were all > the significant level of 0.05. Comparing these results with those for Uranium (VI), Pb (II), Ni (II) and Fe (II) in the presence of these acids using same ligand H 2 BuEtP organic phase are as follow; Uranium (VI) extractions in the presence of the studied acids showed close similarities in percent extractions with Cadmium extractions as 0.001M concentrations of the acids gave highest percentage extractions of metal ions and as the concentration of the acids increased, the percentage extraction of Uranium decreased. However, in the Uranium extraction the binary ligand system gave far higher percentage extractions at this 0.001M acid concentrations that was significantly different from the ligand H 2 BuEtP alone organic phase as it gave > 90% extraction of Uranium at 0.005M and 0.01M of H 3 PO 4 even in ligand H 2 BuEtP alone organic phase and 99.91% extraction of Uranium in 0.01M of H 3 PO 4 in binary ligands H 2 BuEtP/HBuP organic phase 16 . The trend in Iron extraction with studied acids was also similar with results obtained for Cadmium apart from HCl which behaved as salting out agent with increased percent extraction of Iron Fe at > 0.05M of HCl 19 . The results were completely different from those reported for Lead and Nickel extractions with same organic phases in which all acids masks extractions apart from H 2 SO 4 that gave > 64% extraction of Pb and < 10% extraction of Nickel for all concentrations in both organic phases 15, 17 . The Binary ligand H 2 BuEtP/HBuP organic phase was significantly a better extractant for Cadmium than the ligand H 2 BuEtP alone system as p values were all < the significant level of 0.05. The trend was 4 3- in which percent extraction of Pb and Ni increases as concentration of PO 4 3increases and peaks at 0.1M after which it starts to decrease. This was observed in Lead and Nickel extractions for both organic phases. The trend was also similar for Uranium (VI) but the exception however, was observed in this case with CH 3 COOwith similar trend as observed for PO 4 3- . The binary ligand system was also significantly a better extractant for Uranium than the ligand H 2 BuEtP alone organic phase. The trend observed for Cadmium was generally different from those observed for Fe as Iron extraction with same organic phases showed trends observed for PO 4 3in Pb and Ni and CH 3 COOin Uranium in which percentage extraction of metal ions increases with increase in concentrations of the anions 15, 16, 17, 19 . The effect of the halogen ions Br -, Cl -, Fand Iin the extraction of Cadmium with H 2 BuEtP alone and in the presence of HBuP shown in Fig. 3 indicate similar behaviour as observed with the acids as there was a steady decrease in extraction of Cadmium Cd as the concentrations of the halogen ions were increased (90.5% -26.1% for ligand H 2 BuEtP alone and 98.7% -66.4% in the presence of HBuP). The binary ligand H 2 BuEtP/HBuP organic phase was slightly a better extractant for Cadmium than the ligand H 2 BuEtP alone organic phase as the lowest concentration 0.001 M of the ions used gave > 97% extraction for Cadmium for all halogens ions in binary ligand H 2 BuEtP/HBuP organic phase as against < 91% for the H 2 BuEtP alone organic phase. However, statistically the binary ligand H 2 BuEtP/ HBuP organic phase in the presence of Br -, Fand Iwas significantly better as an extractant even though the results for Cldid not give a significant difference. The trend was close to those observed for Lead, Uranium and Nickel even though at 1.0 M of Icomplete masking of Lead was observed with the H 2 BuEtP alone organic phase. The binary ligand H 2 BuEtP/HBuP organic phase was significantly a better extractant for Uranium and Nickel but only slightly better for Lead. The trend was quite different with those observed for Iron, where the percent extraction of Iron increases and peaks at different concentrations of the halogen ions in the H 2 BuEtP alone organic phase while in the binary ligand H 2 BuEtP/HBuP organic phase peaking occurred at 0.01 M for almost all the halogen ions except Brwhere peaking occurred at 0.1 M. The H 2 BuEtP alone organic phase unlike for other studied metal ions studied with this ligand was a slightly a better extractant for Iron Fe than the binary ligand H 2 BuEtP/ HBuP organic phase 15, 16, 19 . The effect of auxiliary complexing agents EDTA, Oxalate, tartrate and thiocyanate (SCN) ions in the extraction of Cadmium Cd with H 2 BuEtP alone and in the presence of HBuP shown in Fig. 4 also indicate a common trend observed with the acids, anions and halogens with the lowest concentration 0.001M giving the highest percent extraction of Cadmium and a steady decrease in percent extraction as the concentration of the auxiliary complexing agents are increased (91.1% -23.9% with H 2 BuEtP alone and 95.3% -50.3% in the presence of HBuP) with a few exceptions. The observed exception with the auxiliary complexing agents was with thiocyanateion (SCN) that had 0.005 M as the concentration with the highest percent extraction of Cd in both organic phases (82.5% with H 2 BuEtP alone and 97.8% in the presence of HBuP) and thereafter, the regular trend of decreasing extraction of Cadmium continued. The binary H 2 BuEtP/HBuP organic phase was significantly a better extractant than the ligand H 2 BuEtP organic phase in the presence of SCN-and EDTA but the difference was not significant for Oxalate and Tartrate. With Pb, the highest percent extraction was obtained at different concentrations of the complexing agents and complete masking was observed at 1 M Oxalate and 0.5 M -1 M Tartrate in ligand H 2 BuEtP alone organic phase while complete masking at all concentrations was observed for EDTA in both organic phases. The binary H 2 BuEtP/HBuP organic phase was significantly a better extractant than the ligand H 2 BuEtP organic phase with HBuP functioning as a synergist with the resultant adducts more hydrophobic than complex with the ligand H 2 BuEtP alone as reported in related studies 23, 24 . Apart from the fact that no masking effect was observed with EDTA in the extraction of Uranium, the results were similar to those observed for Lead. The auxiliary complexing agents did not enhance the extraction of Nickel as results were generally poor and only tartrate gave 70.3% extraction of Nickel at a concentration of 0.1 M in the binary H2BuEtP/HBuP organic phase. Tartrate ion gave > 99% extraction of Iron in all concentrations used for the study in the ligand H 2 BuEtP alone organic phase. The regular trend of decreasing percent extraction as concentration of complexing agents ions increased as observed for the acids and other anions was also reported. Complete masking of Iron was recorded for EDTA and Oxalate ion from concentrations > 0.05 M 15, 16, 17, 19 .
RESULTS AND DISCUSSION
The results obtained with Cadmium in the presence of these acids, anions and auxiliary complexing agents indicate that at some concentration they act as releasing/salting out agents by the formation of unstable salts of Cadmium, thus, making it readily available as free Cadmium ions for complexation with the ligand in the organic phase, resulting in the extraction of the metal from the aqueous phase to the organic phase and in concentrations that the extraction percent is small or zero, they are forming very stable salts with Cadmium and making it unavailable for complexation with the ligand H 2 BuEtP 25, 26 . The results with H 3 PO 4 and PO 4 3were all very high confirming that Cd 3 (PO 4 ) 2 formed is unstable and salting out of Cadmium is the net effect as reported in related Cadmium extraction study 27, 28 . Comparing results with those reported with buffered aqueous solutions of Cadmium (II) at pH 6.0-8.0 which had percent extraction of Cadmium between 99.4%-99.9% 20 indicated that the acids, anions and complexing agents used for the study did not enhance the extraction of Cadmium at the study pH of 7.5. However, they can be used in the multimetal extraction of the so far studied metals Lead, Uranium, Nickel, Iron and Cadium with the Ligand H 2 BuEtP as > 90% extraction was obtained with most of the acids, anions and complexing agents.
Separation factors β xy
Theoretical Separation Factors β XY were calculated in order to establish the possibility of selectively extracting metals in multimetal media. Table   18 -27 are the tabulated Theoretical Separation Factors β XY for the various metal pairs for ligand H 2 BuEtP alone and binary ligand H 2 BuEtP/HBuP organic phases with β XY = D x /D Y close to 10 4 and theoretical have potential to be used in quantitative separation of Cadmium from Nickel, Iron, Lead and Uranium 29, 30 . The theoretically calculated Separation Factors β XY indicates that the studied acids, anions and complexing agents have great potentials in applications for the separation of cadmium from the so far studied metals from the favourable calculated theoretical separation factors β XY = D x /D Y > 10 4 and n number of batches needed to achieve 99.9% extraction of a metal using the equation below:
Where C is concentration of metal in aqueous phase after extraction. C aq is initial concentration of metal in aqueous phase before extraction.
Since equal volume of aqueous phase and organic phase was used during extractions, equation 1 reduces to;
(2) Table 24 showed 0.001 M -0.5 M H 3 PO 4 with binary ligands H 2 BuEtP/HBuP can be used theoretically to separate Cadmium from Lead requiring 2 batches of extraction to obtain 99.9% of Cadmium. Table 22 and Table 23 showed that EDTA and 0.005M HCl can also be used to separate Lead from Cadmium with ligand H 2 BuEtP alone with 5-8 batches of extraction for EDTA and 5 batches of extraction for HCl with binary ligands H 2 BuEtP/HBuP theoretically required to obtain 99.9% Cadmium. Table 21 and 25 show theoretical calculated conditions for separating Cadmium from Uranium with H 2 SO 4 with batches of extractions ranging from 2-5 with increasing concentration with ligand H 2 BuEtP alone and 0.005 M PO 4 3requiring 3 batches with binary ligands H 2 BuEtP/HBuP to obtain 99.9% Cadmium. Table 27 showed that 0.1M Oxalate using the binary ligands H 2 BuEtP/HBuP will theoretically require 3 batches of extractions to obtain 99.9% of Cadmium.
CONCLUSION
The studied acids, anions and auxiliary complexing agents did not significantly enhance the extraction of cadmium at pH 7.5. At lower concentrations, most of the acids, anions and auxiliary complexing agents act as releasing agents with > 90% extraction of Cadmium with both ligand H 2 BuEtP alone and binary ligand H 2 BuEtP/HBuP organic phase.
Masking effect due to for mation of stable salt of Cadmium resulting in lower percent extraction of Cadmium is predominant at higher concentrations of acids, anions and auxiliary complexing agents and more pronounced with ligand H 2 BuEtP alone organic phase.
The binary ligand H 2 BuEtP/HBuP organic phase was in all cases slightly a better extractant for Cadmium in the presence of studied acids, anions and auxiliary complexing agents with > 90% extraction for most cases.
The efficiency of the acids in the extraction of Cadmium is the order H 3 PO 4 >H 2 SO 4 >HNO 3 >HCl >CH 3 COOH.
Theoretically, from calculated separation factors β XY , separation of Cadmium from other studied metals can be achieved using; H 3 PO 4 for cadmium from Nickel and Lead, H 2 SO 4 for Cadmium from Nickel and Uranium, HCl and EDTA for Cadmium from Lead, PO 4 3for Cadmium from Uranium and Oxalate for cadmium from Iron.
Recommendations
Separation of Cadmium from Iron, Nickel and Lead studies based on theoretically favourable conditions be undertaken to ascertain the practical possibility of achieving these separations.
Multi-metal extraction of Cadmium, Iron, Nickel and Lead in the presence of these acids, anions and auxiliary complexing agents be studied for a range of pH using the ligand H 2 BuEtP alone and in the presence of HBuP.
